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ABSTRACT

This report describes the instrumentation designed to be flown
in a Black Brant II rocket, AC17, 606, Three experiments are included
in the design and are 1.) an AC conductivity probe, 2,) a low frequency

propagation experiment and 3,) a temperature probe,
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1.0 Introduction

This experiment was designed to study some of the little under-
stood factors in D-region rocket experiments., Three main topics
were considered, the effect of the boundary layer, the effect of the
Mach cone and the effect of the ion sheath.

To study effects of the boundary layer, two probe configurations
were included, The first consisted of an arrangement of steel balls
separated from the nosecone skin by 1. 62 inches. Also included were
pairs of parallel plates mounted flush with the nosecone surface,

Balls and plates were connected to identical bridge circuits for
measuring the resistive and capacitive components of the impedance
at 100 and 512 kc/s. The balls were calculated to be far enough

from the nosecone surface to be outside the boundary layer while the
parallel plates were within the boundary layer, During ascent the
balls would be continuously inside the nosecone Mach cone but on
descent it was expected that the rotation of the rocket and the re-entry
attitude wouid be such that they would be outside this cone,

The effect of the plasma sheath was to be studied by making
measurements on both configurations while solidly grounded to the
main rocket body. Two additional gauges designed to measure the
electron and positive ion temperatures and the vehicle potential were
included,

In addition to the probes a propagation experiment was designed
to provide data on the low frequency propagation constants of the

ionosphere for comparison with the local measurements,
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A block diagram of the system designed to perform the
experiments is shown in Figure 1, A slightly different version of the
conductivity probe and propagation experiments was flown successfully
on two Black Brant II rockets in July of 1963, Seliga and Vogt {(1963)
described the instrumentation for those flights, Consequently, only
the differences in instrumentation between this experiment and that

described by Seliga and Vogt are covered in this report,

2.0 Conductivity Probe Experiment

The AC conductivity experiment was designed to measure the
conductance and capacitance alternately between sets of plates and
spheres., Figure 2 is a photograph of the probes as they were mounted
to the rocket nosecone while Figure 3 illustrates the details of the
spherical probes. The exact dimensions of the probes which were
designed for AC 17, 606 are given in Figure 4.

Both probes were made of stainless steel, The plates were
made of 1/8" stock and set in flush to the skin of the nosecone, The
spheres are a nominal 1" diameter and are mounted on conical sections
whose sides are kept parallel as shown in Figure 3, The two probe
configurations were designed to determine any differences between a
probe mounted flush to the skin and one extending a short distance from
the skin,

Figure 5 shows the internal electrical connections and locations
of the probes, Two pairs of each p'robe were used in order to produce a

configuration which is symmetrical about the nosecone,
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2.1 Probe Instrumentation

The impedance across the probes is measured with a capaci-
tance conductance bridge circuit. The bridge is fed by a dual source
(512 kc/s and 100 kc/s) osciliator so that impedance measurements
could be made simultaneousiy at both frequencies. The detectors
consisted of tuned RF amplifier stages having a logarithmic detection
characteristic which served as the telemetry input., The osciliator,
bridge, and detector are described thoroughly by Seiiga and Vogt
(1963). The only difference is that a coaxial switch has been added

so that the two probe units can time share the oscillator output.

2.2 Synchronizer

Because of a limited number of availabie telemetry chinneis,
the outputs from the detectors were time shared between the two probe
configurations, The synchronizer 15 made up of cam actuated micro-
switches, and the cam 1s driven by a 12 volt DC motor. The operation
of the snychronizer 1s such that during the first half cycle the signals
from the spherical detectors are fed to telemetry, while during the
second half cycle the telemerry inputs are derived from the plate
detectors, The circuit diagram of the syncaronizer 1s given in Figure
6. The synchronizer also contrcls the coaxia! switch which synchronizes

the output of the oscillator with the proper probe unit,

3.0 Propagation Experiment

The insfrumentation for the propagation experiment 1s described
by Seliga and Vogt {1563). Only the antenna structure has been changed

for this payload.
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3.1 Low Frequency Receiving Antennas

Two ferrite loop antennas made up part of the payload and were
used to receive a low-frequency CW wave which was transmitted from
the ground to the rocket. One antenna was oriented along the rocket
axis while the other was aligned perpendicular to the rocket axis, The
antennas were mounted on a deck above the receivers as far away as
possible from the rest of the instrumentation in order to reduce pickup
and possible feedback,

Each antenna consisted of four ferrite biocks around which was
wound 50 turns of No. 16 enameled copper wire., The wire was wound
in two layers of 25 turns each. The antenna was set into a piece of
Micarda tubing whose ends were sealed with machined pieces of
Synthane, * Prior to seaiing the antenna, ieads were mated to a coaxial
cable which was fed through a hoie in the Micarda tubing. The remaining
space in the tube was filled with foam (Eccofoam F2) in order to insure
rigidity and provide shock protection to the antennas,

The antennas were measured to have a Q of approximately 30,
Tuning ;Nas accomplished with variable capacitors which were mounted
in separate aluminum boxes near the antenrnas. The equivalent length
of each antenna was approximateiy 0, 3 meters, The antennas were
connected to their respective receivers by coaxial cables which mated

to the tuning boxes.

4.0 Temperature Probes

The electron and positive ion temperature units were identical

except for the bias polarity to the metallic conductors which were

“Manufactured by Snythane Corporation, Oaks, Pa.
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mounted flush to the nosecone surface. These circular metallic plates
were 1" in diameter and one of themn may be seen in Figure 2, In the
ionosphere these conductors exhibit a diode type characteristic and
relations between the current, voltage and particle temperature can
be derived.

By keeping a constant DC current and applying a small constant
AC current to the probe, and detecting the AC voltage across the probe,
it is possible to obtain a measurement of the temperature of the current
carriers, The electron probe has a positive bias to attract electrons
and the ion probe has a negative bias to attract the positive ions in the
ionosphere,

Figure 7 is a block diagram of the temperature unit, The
constant current AC source is a multivibrator with a filtered, high
impedance output. The DC bias level to the probe is detected by a high
impedance amplifier using a field effect transistor, The AC signal is
amplified and detected by a simple diode detector. The output of the
detector is approximately 0 to 1.5 volts over a range from 10 kQ to
several megohms probe impedance. The schematic diagram for one
of the units is shown in Figure 8., Figure 9 illustrates the AC resistance

characteristics of the probes,

5.0 DC-DC Converter and Battery Supply

The converter was in a common emitter configuration and was a
modification of the TY-81 model made by Triad Transformer Corpora-
tion., The converter supplies B4, 135 volts, from the 12 volt battery
pack. Its schematic diagram is shown in Figure 10.

The basic power supply was eight PM-5 Yardley Silvercels
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connected in series. The output of the Silvercels provided all the power
to the instrumentation and was distributed through the control box. A

circuit diagram of the control box is given in Figure 11,

6.0 Remote Control Unit

The functions of the remote control unit are described by
Seliga and Vogt (1963). However, the unit was modified and its
schematic is given in Figure 12, The modifications included the
addition of a scheme to monitor all the telemetry inputs in the block-
house while operating under both internal and external power, Also
requiring alteration was the DC supply voltage to the stepping switch

in the Control Box from 110 to 28 volts,
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